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The aim of this study was to determine the effect of replacing starch with dietetic
maltodextrin (MD) on apparent digestibility and glycemic and insulinemic response.
Four mares aged approximately 3072 months, and body weigh 385723 kg were
randomly assigned to a 44 Latin square experimental design. The experimental diets
were composed of 50% concentrate and 50% forage. The concentrate portion did not
contain grains, but commercial starch was added to the control diet (CC) at 50%.
Portions of commercial starch were replaced with MD at 33% (C1), 66% (C2), and 100%
(C3). Mares were fed twice a day, at 7:00 am and at 7:00 pm. Total daily fecal output
was collected over 5 (ﬁve) days, with animals kept at stalls without bedding. Blood
samples were obtained from jugular vein 30 min before (30), and 30, 90, 150 and
210 min after 7:00 am meal at 11th day of each period. No signiﬁcant difference was
observed in feces pH among diets. Apparent digestibility of C3 was higher for dry
matter, organic matter, and crude protein, neutral detergent ﬁber and acid detergent
ﬁber than C1. There was observed quadratic effect for area under the curve (AUC) for
glucose and insulin concentration. There was no observed effect of diet and interaction
of glucose, only a time effect, but a diet effect was observed for insulin concentration.
The inclusion of MD can be added to equine diets in replacement of starch with good
results in digestibility. Complete substitution of dietetic starch by maltodextrin
provides more glucose for longer, increasing energetic balance. More studies must be
done to establish comparisons between dietetic MD and cereal grains starch.
& 2012 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Maltodextrin (MD) is produced from starch with a
wide use. Cornstarch has been widely used as raw matter
in order to obtain MD (Moore et al., 2005). MD is a
D-glucose polysaccharide with hydrophilic properties. In
the horse, MD has been suggested to reduce pain and
swelling and to stimulate granulation tissue production
and epithelialization when compared with conventional
topical antimicrobials (Dart et al., 2005).ndra),
sevier OA license.MD can be classiﬁed as a complex carbohydrate with a
high glycemic index. It may be responsible for diminishing
the speed in which glucose ﬂows into the blood. Thus the
increase of glycemic curve is longer lasting (Sapata et al.,
2006). Apparently, MD is responsible for faster gastric
emptying, and consequently does not cause gastric discom-
fort in most people (Coggan and Swanson, 1992).
Mamus and Santos (2006), afﬁrm that MD supplemen-
tation increases muscle glycogen storage, allowing a
longer lasting competition or an enhanced performance,
by means of delaying fatigue onset. This delay is mainly
due to the prevention of blood glucose concentration
decline which facilitates high proportions of CHO oxida-
tion during ﬁnal phases of the competition.
According to Gray (1992), starch structure (amylase
þamylopectin) is cleaved in the duodenal cavity by
Table 1
Diet composition (%) and chemical composition of experimental diets.
Experimental diets
Maltodextrin
Ingredients 0 33 66 100
Coast cross hay 50.0 50.0 50.0 50.0
Soy bean meal 12.5 12.5 12.5 12.5
Soy bean hulls 10.0 10.0 10.0 10.0
Starch 25.0 16.5 8.5 –
Maltodextrin – 8.5 16.5 25.0
Mixture minerala 2.0 2.0 2.0 2.0
Salt 0.5 0.5 0.5 0.5
Nutrients
Dry matter 89.3 89.2 90.1 90.5
% Dry matter
Organic matter 92.4 92.2 92.4 92.6
Crude protein 13.4 12.1 13.1 11.9
Ether extract 1.9 1.8 1.7 1.7
Non-ﬁber carbohydrate 29.5 31.5 30.2 31.8
Total carbohydrate 77.0 78.2 77.5 79.0
Crude ﬁber 23.6 23.5 23.7 23.7
NDF 47.6 46.8 47.4 47.2
ADF 24.3 24.6 24.4 25.0
Ash 7.7 7.9 7.6 7.5
Calcium 0.8 0.8 0.8 0.8
Phosphorus 0.3 0.3 0.3 0.3
Mcal/kg DM
Crude energy 4.1 4.1 4.0 3.9
a Composition per kg of mineral mixture: Ca 180 g; P 90 g; mg 20 g;
S 20 g; Na 100 g; Zn 3.000 mg; Cu 1.000 mg; Mn 1.250 mg; Fe 2.000 mg;
Co 200 mg; I 90 mg; Se 36 mg; F(max.) 900 mg.
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trisaccharide and alpha-dextrin are formed, which undergo
hydrolysis by a complementary action of three integral brush
border enzymes at the intestinal surface. The ﬁnal mono-
saccharide product, glucose, is then co transported into the
enterocyte with Naþ , by a speciﬁc brush border 75-kDa
protein transporter, in a rate-limiting step for overall starch
assimilation. Due to this luminal and membrane sequential
digestion, followed by glucose transport, the starch is assimi-
lated in a very efﬁcient manner in nonruminants.
The apparent digestibility of starch in equines is
considered high, ranging from 87% to 100%. Equines have
low activity of pancreatic alpha-amylase enzyme, which
may compromise the pre-cecal digestibility of diets with
high amounts or sources of this morphologically complex
nutrient (Kienzle, 1994; Meyer, 1995).
Plasma glucose concentration after feeding, called
glycemic response can be inﬂuenced by particle size,
thermal processing degree, protein composition, fat and
ﬁber of the feed. Biochemical structure and absorption
process of the carbohydrate, and content and interval
period of the previous meal (Guezennec, 1995). In most
cases, all soluble carbohydrate ingested is absorbed into
the blood, and plasma concentration of other monosac-
charides compared to glucose is insigniﬁcant (Stull and
Rodiek, 1988).
Rankin (1997) suggests that in order to complete the
assessment of glycemic index of feed deﬁned as plasma
glucose response magnitude after its intake, plasma con-
centration of insulin may be a good indicator of sugar
presence. In this context, the aim of this study was to
determine the effect of dietetic maltodextrin (MD) in
replaced of starch on apparent digestibility and glycemic
and insulinemic response.
2. Materials and methods
This experiment was conducted at the Research
Laboratory of Feeding and Equine Physiology Exercise
(LabEqui), Department of Nutrition and Animal Produc-
tion, Scholl of Veterinary Medicine and Animal Science,
University of S~ao Paulo (FMVZ-USP).
Four mares were used aged approximately 3072
months, body weight of 385723 kg. They were assigned
to a 44 Latin square experimental design. The experi-
mental period consisted of four periods, with 14 day, and
the ﬁrst 8 day of adaptation to the diets and the other to
evaluate the variables measured.
Diets were given twice a day, at 7:00 am and at 7:00
pm, and their composition was 50% of concentrate and
50% of Cynodon dactylon hay, adapting individual daily
intake according to 2% of body weight in dry matter
(Nutrients Requirements of Horse, 2007). Experimental
diets were composed as: control diet (CC) without MD in
the concentrate; diet (C1) replacement of 33% of starch for
MD; diet (C2) replacement of 66% of starch for MD; diet
(C3 ) replacement of 100% of starch for MD.
The sources of starch and MD used in the experiment
were purchased from sources pure company Corn Pro-
ducts Brazil. The concentrate was offered separately from
hay, and concentrate. The maximal intake time wasconsidered of one hour and a half in order to standardize
and facilitate the passage rate study according to Gibbs
et al. (1996). Hay was offered simultaneously with the
concentrate, according to Carvalho (1992). Horses had ad
libitum access to both water and a mineral supplement.
Diet formulation was made in order to supply the
requirements of the equine category, according to NRC
(2007) (Table 1).
Samples of the feeds were collected at the end of each
experimental period for subsequent chemical analysis and
calculated individual intake of each nutrient supplied to
the animals. The diet was balanced for no orts so that all
animal ingested 100% of the supplied diet.
Collection of feces was made in period of 24 h during
5 (ﬁve) days and the animals were kept in stalls with
concrete ﬂoor, without bedding. The feces were placed in
plastic buckets, identiﬁed by the animal, and the total
amount excreted, after homogenization, was collected
10%, and frozen for later analysis. At the end of the trial
the fecal samples and samples of feeds were homoge-
nized, weighed, dried in forced air at 65 1C for 72 h,
ground in a mill with a sieve of 1 mm square and stored
for analysis.
To determine the apparent digestibility, analyses of
dry matter (DM), organic matter (OM), neutral detergent
ﬁber (NDF), acid detergent ﬁber (ADF), crude ﬁber (CF),
crude protein (CP), starch, ash and ether extract (EE) were
performed using the methodology described by AOAC
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matic method described by AOAC (2000).
At the 11th day of each experimental period, blood
samples were taken, in vaccutainer tubes, from the
jugular vein 30 min before and 30 min, 90 min, 150 min,
210 min after supplying the concentrate to measure
glucose and plasma insulin (Stull and Rodiek, 1988).
During plasma glucose analysis the technique described
by Bergmeyer (2004) and Tonkk (1972) was used, and
during plasma insulin analysis the method of Yalow and
Berson (1960) was used.2.1. Statistical analysis
The digestibility coefﬁcients and plasma glycemic and
insulinemic levels were analyzed by the computer pro-
gram Statistical Analysis System (SAS, 2004), and pre-
viously it was veriﬁed that the residues were normalTable 2
Daily intake of feeds and nutrients.
Experimental diets
Maltodextrin
Intake 0 33 66 100
kg/day
Total diet 10.0 10.0 10.0 10.0
Hay 5.0 5.0 5.0 5.0
Concentrate 5.0 5.0 5.0 5.0
Maltodextrin – 0.8 1.7 2.5
Nutrients
kg DM/day
Dry matter 13.4 13.3 13.4 13.5
Organic matter 13.9 13.9 13.9 13.9
Crude protein 1.9 1.7 1.8 1.7
Ether extract 0.3 0.3 0.3 0.3
Crude ﬁber 4.2 4.2 4.2 4.2
NDF 8.6 8.5 8.6 8.6
ADF 4.3 4.3 4.3 4.4
Ash 1.1 1.1 1.1 1.1
g/day
Calcium 103.5 108.5 108.5 103.0
Phosphorus 39.0 38.0 38.0 36.5
Table 3
Apparent digestibility (%) of experimental diets.
Experimental diets
Maltodextrin
Variables 0 33 66
Dry matter 66.8ab 62.8b 66.7ab
Organic matter 68.0ab 64.0b 67.7ab
Crude protein 70.5ab 65.7b 72.1ab
Ether extract 68.6 76.6 75.2
NDF 57.2ab 51.4b 56.1ab
ADF 50.6a 44.1b 50.3ab
Starch 98.6 98.4 98.4
Averages followed by lower case letters differ from each other in Tukey test wthrough Shapiro–Wilk test (PROC UNIVARIATE), and
homogeneity of variances through F test.
The apparent digestibility coefﬁcients were analyzed
by simple polynomial regression according to four levels
of starch replacement for MD in the concentrate by PROC
REG of SAS 9.1 and its adjusted means were compared
using Tukey test (Po0.05) by PROC MIXED SAS.
The plasma glucose and insulin levels were analyzed
from the area under the curve (AUC) that was performed
by SAS 9.1 PROC EXP and by simple polynomial regression
according to four levels of starch replacement for mal-
todextrin by PROC REG of SAS 9.1 and its adjusted means
were compared with the Tukey test (Po0.05) by PROC
MIXED of SAS.
The glycemic and insulinemic responses according to
the time were performed using repeated measures of the
time by PROC MIXED of SAS 9.1 and by simple polynomial
regression according to four levels of starch replacement
for maltodextrin by PROC REG of SAS 9.1.3. Results
3.1. Intake
There were no differences in the intake of DM, OM, CP,
EE, non-ﬁbrous carbohydrates (NFC), total carbohydrates
(TC), CF, NDF, ADF, ash, calcium, and phosphorus between
diets (Table 2). Also no differences were observed in
either time to consume or diet acceptability.3.1.1. Apparent digestibility
There was no linear or quadratic effect (P40.05) for
fecal pH and apparent digestibility of total DM, OM, CP,
EE, NFC, TC, CF, NDF and ADF. There was no observed
difference (P40.05) in starch apparent digestibility
despite reduction of nutrients in experimental diets
(Table 3). However when the LS means of apparent
digestibility were analyzed and compared, signiﬁcant
differences (Po0.05) were found among between diets
(Table 3).
When comparing the apparent digestibility of DM, it
was observed that it was higher (Po0.05) in C3 and
lowest in C1.SEM Value of P
Linear Quad
100
72.5a 5.95 0.196 0.172
73.3a 12.98 0.201 0.163
74.0a 7.16 0.219 0.266
80.0 5.82 0.082 0.658
64.3a 0.38 0.194 0.130
59.5a 10.50 0.164 0.142
98.6 1.06 0.967 0.202
ith averages adjusted by PROC MIXED (SAS, 2004).
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C3 in relation to total apparent digestibility of OM, CP,
NDF and ADF. All the apparent digestibility coefﬁcients
mentioned above showed a lower value to the C1. Even with
the reduction of starch as the addition of MD, there was no
signiﬁcant difference (P40.05) on apparent digestibility of
starch comparing to the experimental diets.
3.1.2. Glycemic and insulinemic response
There was observed quadratic effect (Po0.05) for area
under the curve (AUC), generated by the values of plasma
glucose. There was higher value (Po0.05) to the diet C3
(Table 4).
From the data, it is clear that the best level of starch
replacement for MD would be at 66%. Extrapolating data and
analyzing the 2nd degree equation (y¼325.27þ65.50X
9.30X2, R2¼0.64), make it possible to calculate the optimum
point of starch replacement for MD in the concentrate. The
estimated value was 77% of starch replacement for MD in the
concentrate.
Analyzing the AUC for insulin, there was observed
higher value (Po0.05) to the diet C3. These results are
consistent with the greater area under the curve of
glucose (Table 4).
Linear effect (Po0.05) was observed (Po0.05) for the
AUC of insulin. According to the equation to this variable
(y¼23.17þ4.57X, R2¼0.77) there is an additional
response, which is for each 1% increase in starch replace-
ment for MD in concentrate, there was an increase of
23.17 units in the AUC for plasma insulin concentration.
The results of analysis of glycemic and insulinemic
response of the animals according to the experimental
diets in function of time collection complement the data
obtained from the AUC (Table 5).Table 4
Area under curve for glucose and insulin of experimental diets.
Experimental diets SEM Value of P
Maltodextrin Linear Quad
Variables 0 33 66 100
mg/dL/h
Glucose 380.3b 422.6ab 434.6ab 439.7a 48.73 0.005 0.024
mUI/mL/h
Insulin 27.4b 34.6ab 33.2ab 43.1a 12.90 0.010 0.6485
Averages followed by lower case letters differ from each other in Tukey
test with averages adjusted by PROC MIXED (SAS, 2004).
Table 5
Average, concentration of plasma glucose and insulin of the experimental diet
Experimental diets
Maltodextrin
Variables 0 33 66 100
Glucose (mg/dL) 93.7 103.1 106.0 108
Insulin (mUI/mL) 6.3 8.2 7.9 10There was no observed (P40.05) effect of diet and
interaction for glucose concentration. However, there was
time effect (Po0.05) of glucose plasma concentration of
the starch replacement for MD in concentrates (Table 5).
A diet effect was observed (Po0.05) for concentrations
of insulin, but there was no observed effect (P40.05) of
time and interaction (Table 5).4. Discussion
4.1. Apparent digestibility
In this study the apparent digestibility of DM presents
values ranging from 62.84% to 72.52% for the increasing
levels of inclusion of MD in concentrate. These values can
be considered satisfactory for digestibility studies in diets
for horses. Experiments with male horses, in different
ages and using complete diets, with some differences in
ingredients, reported values of apparent digestibility of
DM ranging from 58.2% to 86.5% (Almeida et al., 1999;
Arau´jo, 1992; Gonc-alves et al., 1998; Manzano and
Manzano, 1990; Oliveira et al., 2001; Pereira et al.,
1989; Santos et al., 2002; Whitaker and Carvalho, 1997).
Quadros et al. (2004) conducted a digestibility trial in
foals. The animals received complete diets based on Tifton
hay and soy bean hulls. They obtained values of total
apparent digestibility of DM similar to the present study,
ranging from 62.48% to 82.77% and an average of 73.52%.
In this study, there was less variation among treatments,
ranging from 62.84% to 72.55% with an average of 67.22%.
Morgado et al. (2009) measured the digestibility of DM
and nutrients in horses receiving diets based on C.
dactylon hay in the same proportion of this study, and
they presented lower values than this study. Besides these
values, they also presented lower values compared to the
present study on the digestibility of NDF and ADF.
The results show that the complexity of the carbohy-
drate source for horse diets has great inﬂuence on
nutrient digestibility, whereas the best results were found
for the diet with a higher content of MD, which is a less
complex carbohydrate source even when it is compared
to starch. This result is conﬁrmed because ground corn
was the starch source in the diets.
The reduction of starch content due to the inclusion of
MD could not inﬂuence the apparent digestibility of starch.
Although the apparent digestibility of starch is high, ranging
from 87% to 100%, horses have low activity of pancreatic
enzyme alpha-amylase, which can compromise the pre-cecals.
SEM Values of P
Diet Time Interaction
.4 17.74 0.167 0.008 0.765
.5 4.96 0.001 0.086 0.762
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morphologically complex nutrients (Kienzle, 1994; Meyer,
1995).
This similarity results was observed by Kienzle (1994)
in an experiment in which the apparent digestibility of
starch of different diets varied very little, due to the high
microbial digestion of this nutrient. A similar result was
observed by Gobesso et al. (2008), when horses were fed
diets with different starch sources associated with differ-
ent processing.
The results observed in this experiment reﬂected the
conditions of each concentrate tested and, in some cases,
we observed similar results to those obtained by Meyer
(1995), who concluded that individual variations may occur
in the digestibility of the same food, caused by the behavior
during eating process (chewing time), by peristalsis modiﬁ-
cation, and by differences in enzyme production.4.2. Glycemic and insulinemic response
The total starch replacement for MD resulted in an
increase of 15.52% of the AUC for glucose comparing to
the CC diet, showing clear superiority of MD in providing
a more persistent plasma concentration of glucose com-
pared to starch.
Gordon et al. (2008) tested blood glucose response in 6
quarter horse foals evaluating diets with low sugar and
high starch levels, with three different processing meth-
ods: pellet (4 mm), extruded (5 mm) and oval (19 mm).
The AUC for glucose was observed with an average of
278.10 (mg/dL/h) showing a lower result than the average
of this study, reinforcing the fact that MD keeps blood
glucose levels higher than diets with starch by a longer
period of time.
Gobesso et al. (2008) supplemented horses with two
different sources of starch, associated with two types of
processing. The starch sources used were ground or extruded
corn and sorghum. In this study the authors observed as
average an AUC for glucose of 553.79mg/dL/h, proportionally
to the same collection period of this study, with higher result
than this one.
Plasma insulin concentration showed better results for
the diet C3. These results are related to the nutritional
characteristics of MD. This result supports the largest AUC
of glucose. The ingestion of MD increases insulin levels
which can be maintained throughout the course of the
competition (Mamus and Santos, 2006).
Stull and Rodiek (1988) conducted a study with four
quarter-mile foals and evaluated four diets with different
proportions of C. dactylon hay and commercial concen-
trate in a diet with 50% hay and 50% concentrate. The
authors observed an AUC for insulin with an average of
36.89 mUI/mL/h, similar result to this study.
However Gordon et al. (2008) observed AUC for insulin
with an average of 25.78 mUI/mL/h which was lower than
the average result of this study. A similar result was
obtained by Gobesso et al. (2008).
When the concentration of glucose and insulin over
time was analyzed, important complementary informa-
tion about the peak of plasma glucose and insulinconcentration and the persistence of these metabolites
in plasma could was observed.
Analyzing plasma glucose peak in function of the
experimental diets, it was observed that the diet C2
showed higher peak of glucose at 90 min post-feeding
and it was also observed that diets with starch replace-
ment for MD had a greater persistence in plasma glucose
levels compared to CC diet.
Vervuert et al. (2004) observed that from 30 to 45 min
after eating, there is a signiﬁcant increase in plasma
glucose levels and these levels decreased to baseline
values from 150 to 240 min after feeding. According to
Healy et al. (1995), horses fed a mashed concentrate
presented peak of plasma glucose levels at 150 min after
ingestion, while in those fed with pellet concentrate, this
peak occurred after 180 min, suggesting that more glu-
cose was absorbed from the pellet diet, proving this way
the effect of processing.
Analyzing the plasma peak of insulin, it could was
observed that the diet C3 presented higher peak of
glucose at 90 min post-feeding, it was also observed that
diets with starch replacement for MD presented a greater
persistence in plasma insulin.
Gordon et al. (2008) performed a study in insulinemic
response with 6 quarter horse foals evaluating diets with
low sugar and high starch levels, with three different
processing methods: pellet (4 mm), extruded (5 mm) and
oval (19 mm). The peak of insulin 2 h after feeding was
observed presenting a similar result to the present study.
However Gobesso et al. (2008, 2009), when performed
similar trials to the present study, observed the peak of
insulin from 3 to 4 h post-feeding.
The starch replacement for MD in the concentrate
provides the animals a more consistent and persistent
glycemic and insulinemic response, with peaks of both
glucose and insulin in a shorter time, which allows the
use of this additive in horses exercising at moderate to
intense levels over a longer period of time compared to
more complex sources of starch.5. Conclusion
The starch replacement for maltodextrin in horses diet did
not inﬂuence the apparent digestibility of DM and nutrients,
however it showed positive effects on glycemic and insuli-
nemic response, with a great potential for athletic horses.
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